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In the hemostatic and thrombotic processes, thrombin is generated at the activated platelet
surface through the concerted assembly and function of the macromolecular, enzymatic
complexes, intrinsic tenase and prothrombinase, to effect the generation of factor Xa and
thrombin, respectively [1,2]. Platelet activation can be accomplished by nanomolar
concentrations of thrombin and is central to appropriate coagulation complex assembly and
function [3,4]. Assembly of a functional intrinsic tenase [for review see 5] or
prothrombinase [for review see 6] complex is dependent upon several protein/protein and
protein/membrane interactions. However, platelet activation and complex formation may not
be sufficient. Several laboratories have identified discrete subpopulations of platelets that
differentially regulate procoagulant enzyme complex and function [7-11]. When all platelets
are thrombin-activated to a level consistent with maximal procoagulant activity, only a
subpopulation of the activated platelets are capable of prothrombinase [9] or intrinsic tenase
complex assembly [7,11]. In these studies, factor Va and factor Xa binding colocalize to the
same subset of activated platelets [9], as do components of the intrinsic tenase complex
(factor VIIIa, factor IXa, and factor X) [11]. Likewise, platelet activation with low levels of
thrombin plus collagen, or thrombin plus a glycoprotein VI agonist, convulxin, generates a
subpopulation of platelets, referred to as COATED-platelets, that express high levels of
membrane bound α-granule proteins, such as factor Va [10], which are thought to be
covalently bound to the platelet surface via serotonin [12]. COATED-platelets can also bind
high levels of factor Xa [10].

Currently, it is not clear if platelet activation with high concentrations of thrombin alone
generates a subpopulation of platelets similar to COATED-platelets. Monroe and colleagues
extended these observations in their cell-based model of blood coagulation and
demonstrated that following activation with thrombin and convulxin the same population of
platelets that binds factors Va and Xa, also binds factors VIIIa and IXa, the components of
the intrinsic tenase complex [8]. Thus, it can be hypothesized that the extent of thrombin
generated at a site of vascular injury is not only dependent upon coagulation factor levels, or
the presence or absence of a specific coagulation factor polymorphism, but is also dependent
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upon the number of procoagulant platelets recruited to the site of vascular injury. Once
formed, thrombin is rapidly inactivated in the vasculature [13]. Thus, an individual's
propensity to bleed or clot is directly related to the amount of thrombin produced locally,
and the ability of this thrombin to propagate the hemostatic response through its activation
of various coagulation cofactors and proteases and to recruit activated platelets into the
growing thrombus [14]. Therefore, measures of platelet activation alone, either direct, or by
following release of α-granule contents, may not be adequate to predict platelet procoagulant
potential.

Previous studies demonstrated that thrombin generation parallels 125I-factor Xa binding to
activated platelets [3]. Therefore, an assay quantifying the subpopulation of platelets binding
factor Xa may be useful in determining an individual's ability to generate thrombin. Indeed,
in a washed platelet system, the percent of activated platelets binding factor Xa could be
correlated in concurrent kinetic experiments with thrombin generation (r=0.802, n=18) (P.
Tracy, personal communication). However, this assay requires the isolation of platelets from
whole blood, which limits its utility in population-based studies. Our goal is to create an
easy to use, stable subpopulation platelet assay using minimal blood. Thus, in this
communication, we performed a pilot study to see if a flow cytometric assay of
prothrombinase complex assembly on platelets in whole blood was feasible, and to
determine how well its results correlate with those seen using washed platelets.

For these studies, all individuals were recruited and advised according to a protocol for
obtaining blood samples from normal donors approved by the University of Vermont
Human IRB and provided informed written consent. All donors were requested to abstain
from use of aspirin and NSAIDs for at least 10 days prior to blood donation. To prevent
artificial platelet activation, blood was drawn without venous constriction with a 19-gauge
butterfly needle using a two syringe technique. After discard of the first 2-3 mL of drawn
blood, 1 mL of blood was drawn into corn trypsin inhibitor (100μg/mL) (Haematologic
Technologies Inc., Essex Junction, VT) and heparin (50 U/mL) to suppress the contact
pathway of blood coagulation [15]. Aliquots of blood were added to concentrations of
protease activated receptor (PAR) 1 and PAR4 agonist peptides (100 and 500μM,
respectively) (synthesized by the Protein Core Facility, Department of Biochemistry,
University of Vermont), that generate maximal prothrombinase complex assembly and
function (P. Tracy, personal communication), as well as plasma factor Va (40nM) (prepared
as described previously [3]) and EGRck-factor Xa (40nM) (Haematologic Technologies
Inc.) to allow for prothrombinase assembly. Some reactions contained 10 mM EDTA to
distinguish between functional and non-functional factor Xa binding. Factor Xa binding was
assessed using an AlexaFluor-488-conjugated (Invitrogen, Carlsbad, CA) anti-factor Xa
monoclonal antibody (0.5 μM) generously provided by Dr. Kenneth Mann (Department of
Biochemistry, University of Vermont), which does not inhibit prothrombinase assembly or
function. Following incubation with Optilyse C (1:1 dilution) (Beckman Coulter, Brea, CA)
to effect red blood cell lysis and cell fixation, samples were stored at 4°C until flow
cytometric analysis. Functional factor Xa binding was defined as positive reactivity with the
anti-factor Xa antibody that was greater than that observed with EDTA (Figure 1A). When
immunostained and fixed samples were stored at 4°C, the percent platelets binding factor Xa
was stable was 96 hr (Figure 1B). Statistical analysis of one individual assayed multiple
times indicated that in this assay the percent platelets binding factor Xa (19.7±4.2%, n=16)
(see Donor 4, Figure 1C) was not different than the percent thrombin-activated, washed
platelets capable of binding factor Xa (20.7±7.0%, n=84) (P=0.56) (P. Tracy, personal
communication). These results show that measuring platelet subpopulations in whole blood
is feasible and comparable to results obtained using a washed platelet system.
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To test the stability of the assay, we evaluated whole blood obtained by phlebotomy, in 13
healthy, nonmedicated individuals (8 men and 5 women, 27.2±6.4 years old), with no
known bleeding or thrombotic tendencies, over a 6 week period. The percent activated
platelets binding factor Xa in this normal population varied from 1.5-41.5% (n=136) (Figure
1B). Analytical and biological variability was assessed using a nested ANOVA as described
[16]. Three coefficients of variation (CVs) were determined: analytical (CVa), within-
subject (CVi), and between-subject (CVg). The index of individuality (CVi/CVg), a measure
of how individuals vary relative to the population distribution, was also calculated.
Assuming reasonable analytic precision (e.g. CVa<15%), the smaller the value for this
index, the more likely a single measure will accurately represent a person's rank over time.
For factor Xa binding, the analytical variability of the assay is low (11.6%), and the ratio of
the within-subject (34.0%) to the between subject (49.9%) variability (0.68) indicates that
this measurement will prove useful for identifying differences between individuals.

This study is the first to demonstrate that procoagulant platelet subpopulations can be
measured reproducibly in whole blood using a rapid, flow cytometry-based assay. Since this
assay does not require washed platelets and can be performed using as little as 1mL of
whole blood, it is more amenable to onsite collection. Corn trypsin inhibitor was used in this
assay as it inhibits the contact pathway of blood coagulation [17]. As blood coagulation in
vivo is most likely initiated by tissue factor/factor VIIa, activation of platelets in blood
supplemented with CTI in the absence of a vascular injury that exposes blood to tissue factor
is more likely to simulate in vivo conditions.

Measuring factor Xa binding to activated platelets in whole blood has the potential to be
useful for identifying differences in thrombin generation between individuals in large,
population-based studies. Such studies are currently underway to get an insight into how
platelets regulate thrombin formation in pathologic states by assessing platelet
subpopulation formation in men with varying degrees of factor VIII-deficiency [18,19], as
well as in individuals in a large protein C-deficient kindred (protein C Vermont) [20]. As an
individual's ability to generate these subpopulations (i.e. bind factor Xa) is related directly to
thrombin formation, and thus, may be predictive of their propensity to bleed or clot, analyses
will be performed to determine the relationship between platelet factor Xa binding and
hemostatic and/or thrombotic phenotypes.
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Figure 1. Flow cytomteric assay of factor Xa binding to platelets in whole blood
(A) Contact pathway-suppressed whole blood was incubated with PAR1 and PAR4
peptides, and factor Va and EGRck-factor Xa at ambient temperature. Platelets were
identified using forward scatter and side scatter measurements, and immunostaining with
anti-CD61-PerCP (1 nM) (Becton Dickinson, Franklin Lakes, NJ). Activated platelets were
identified by immunostaining with anti-P-selectin-PE (0.5 nM) (Becton Dickinson). Factor
Xa binding to platelets was determined by immunostaining with anti-factor Xa (FXa)-
AlexaFluor488 in the presence or absence of EDTA. Multi-parameter flow cytometric
analysis was performed using a BD LSR II Flow Cytometer (Becton Dickinson). The flow
cytometry scattergrams shown are representative of those obtained in the presence (left) or
absence of EDTA (right). The positive gate was set such that ≤ 2% of the platelets
immunostained with the anti-factor Xa antibody in the presence of EDTA were positive.
Functional factor Xa binding is reported as the % activated platelets binding factor Xa. (B)
Flow cytometric analyses up to 96 hrs subsequent to immunostaining indicated that the
percent platelets binding factor Xa was stable when the samples were stored at 4°C. Shown
are the results obtained with two individuals. (C) Factor Xa binding to the platelets of 13
healthy individuals was determined repeatedly over a 6 week period as described above. The
black diamonds represent single measurements while the light gray horizontal lines indicate
the mean of the measurements for that individual.
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